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(54) PIEZOELECTRIC ELEMENT AND ITS MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a piezoelectric element, 
which has very high piezoelectric characteristic, is superior in 
vibration transfer characteristic between ceramic base material and 
a piezoelectric material, and can realize miniaturization and high 
density of an actuator and a sensor, and to provide a method for 
manufacturing the piezoelectric element. 

SOLUTION: This piezoelectric element is provided with the ceramic 
base material 2, the piezoelectric material 1 composed of porcelain 
composition, and electrodes 3, which are connected electrically with 
the base material 2. The porcelain composition is 
PbMg1/3Nb2/303-PbZr03-PbTi03 three-component solid solution 
based composition, whose main component is shown by a formula 
(1) Pbx(Mgy/3Nb2/3)aTibZrc03 (0.95^1.05, 0.8^y<1.0, 
a+b+c=1.00), and contains NiO of 0.05-10.0 wt.% in the total 
composition. The piezoelectric material 1 is fixed to the ceramics 
base material 2, directly or via the electrode 3. 
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(57) mmm<Dmm) 

PbMgwiNb./jOj-PbZrOj-PbTiOjH 
d^Bi8JftHfiBn?. TEHR* ( 1 ) CCTH-TtflfiBBj* 
3DK#<tU NiO4MSStt*0. 0 5-10. 01 

llBE^f* CC fgMlfl (C fftft 3 ft * ffiffi <t * ffif x. . 

Sffi*^ O T . 1 -3 O 0 umCDIZZ V fflft 3 ft T & £ 
Ctiimt? ^E^f^To 10 
[ft 1 1 

Pb. (Mg v/3 Nb 4/J ) a T i „Z r ( 0, - ( 1 ) 
rj£ ( I ) 0. 95<x<l. 0 5. 0. 8<y< 
1. 0"C*0. ^a, b. c*«. (a. b, c) = 
( 0 . 5 5 0, 0 . 4 2 5, 0 . 0 2 5), ( O . 55 
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0, 0. 3 2 5, 0. 1 2 5), (0. 3 7 5. O. 3 
2 5, 0. 300), (0. 100, 0. 425, O. 
475), (0. 10 0. 0. 475. 0. 425). 
(0. 3 7 5. 0. 4 25, 0. 2 0 0)t?H*tl*« 
I©/|«t*4 (fil. a + b + c=l. 0 0-C* 

£o ) o J 

ccKtt©EfB«*F. 

i mtm 3 ] mmmmnm^op b © 2 - 1 0 m 0 

IWA sr. Ca. Ba*>6fe*W*»6at»i5^tt 
< t b 1 fariS»3tir&63fl5RiH 1 X«2 CC3d*W!>EE 

: 3*5Rm 4 j H?n'd^mftX^*co pb©o. 2 - 1 . 
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[ffl*B5] 8ffBB-te5 5 v*Z&»<DMStfi> 3 urn 
- I mm-C*SSfl3jcJR 1 ^©l^ft**- WM2tJM>E 

[ HMtg 6 ] MIBEtSft<DfS $ ifCM't & ffi e-ts 5 3* 

HKDWS)**, 0. 1^3 0-C**lSS0Hl-^5.©C»r 

[89*^7] PbMg l , 3 Nbi/ 3 Oj-PbZ rO,- 
P b T i OjHffiftHttftttJffittr. Ti2-fl££ ( 1 ) 
(C*TttS»*3B«»£U NiO^MffiWO. 0 
5-10. 0fiiWdWT*K«ffl««^6tt4E«l5f 

£2*?? ^ * r » jfifflr 5 c ± t -r & sm»m=M> 

[ft 2] 

Pb, (Mg./jNb,/,) a T i b Z r c 0 3 - ( 1 ) 
ra(l)"f, 0. 9 5£x£l. 05. 0. 8^y£ 
1. 0r*0, froa, b, (a, b, c) = 

(0.55 0,0.425,0.025), (0.55 

0, 0. 3 2 5, 0. 1 2 5). (0. 3 7 5. 0. 3 
2 5. 0. 3 0 0) . (0. 1 0 0. 0. 4 2 5. 0. 
47 5). (0. 1 0 0, 0. 4 7 5. 0. 42 5), 

(0. 3 7 5. 0. 4 2 5, 0. 2 0 0 ) "CH£ft£flS 
H<D/N&r** (fflU a + b + c=l. 0 0 
^ ) . J 

[nmms] PbMgi/jNbi/jOj-P bZ r Oj" 

p b t i o,=f£&mmmmfmi-c> tib—ms: < 1 > 
mmmwfr h a & «»«©E«tt» *»» o . 

[ft3] 

Pb, (Mg Y/J Nb l/J ),Ti 5 Zr t O J •••(!) 
( 1 ) * t 0. 95^x^1, 05. 0. 8^y£ 

1. 0r£>9. ^a, b. c** % (a, b, c) = 
(0.55 0.0.425,0.025). (0.55 

0. 0. 325. 0. 125 ), (0. 375, 0. 3 
2 5, 0. 300), (0. 100. 0. 425. 0. 
4 7 5). ( 0 . 10 0. 0 . 4 7 5, 0 . 42 5). 
(0. 3 7 5. 0. 4 2 5, 0. 2 0 0) nasals 
GB0'h»r*£ (fAL. a + b + c = 1 . 0 0r# 
*. ) . m 
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[0 00 1 ] 

-r& 0 ekriau. a»rac>E*»tt*#r&ii 
*>«c -fev $ 7 ^^s<*4EtBf*ffl©}gtteiaffe«c« 

H*cim sEaoasTO^ottftwasccwr 

[0 00 2] 

wcc &r ^ ftfc sgts i Srii x 4> enrc^ 
**, Es^fliJsR-raiBSfflaEttccocirwa^sws 

[0 0 0 3 ] Witt. PbTiO J -PbZr 0 3 -^c 
»HS9fi*iS£«5. Pb (Mg 1/3 Nb 2/3 ) 0 3 - P b T 
iO J -PbZrO } ZOTSSM, XttCh6© 
20 ffllSft^Pb. M g <D— pP^t N i . Nb. Mn^rg 
ftUtoBJl!E«!*«H7R3hT:c»S (4*4iBB5 0 -3 5 1 9 
*»&*L ^HS6 0 - 1 0 2 7 7 9^-£$fL J o u r n 
al of The American Cer ami 
c Society;49[ll]577(196 
6) ) . Cft^te. E«**-T-©E*«Ftt (Witt, E 

«d5E»> *«s-r4«fc*»ttBSRr*4E«(**« 

0, Ch6BSBffl««»*6tt*E«l**fflC^C<!:CcJ: 
0, 9EnfcE«1«*Wr*E«(S»=WJWWSti*fe 

30 <D~C$>*> 0 

[0004] bfrittotfiz* xiwc. iaofcosffl 

-e<E>f£. «WMiL/rE«**^*»iftbA:i»^. »6ti 
*E«fW^©E«*©aWftt*(Br»te». IttXtt^ 

[0 0 0 5 ] CCD/ctf). a»©Eaf*3R-7-iUr«, 
40 J3JS 0 fcflBSttOft* 6 *E«tm t WJSSHi O fa 
ESf*£. 5 v **2Sf*±KlSR») ttttfci©#flfjt> 
6nrt*fc (WBBTl 1 - 2 9 3 5 7-5t£*R) . C(DE 

Eiswt** wftu»*a u r Ersftofasjf t£H * c <b 

CC<fc0E^514*[fi]±3i±/ii4><DrA^ o 
[0 0 0 6 ] l/*il/tt**6. C<DETuf*kK-f TJi. E 

so t75^ ^«*4 EflSf*nn«!>iB»ejt*fflWbteu . 
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[0 00 7] WaofcB6*©»SffllS!a!9«. £» 

[0 00 8] 

[0 00 9] 

[ mimzmfcr h tctbcom® ] ±aw>» 

H4Jl¥^ , ra^<«SW3SU/!cilS* 1 PbMg WJ Nb 
1/3 0 3 -PbZ rOa-PbT i O s =J5S»H»afi«US«j 

^s^r nrw-r 4 ttsaom* 6 a * mmmzm^ tc 

»f*<fcr5C&#r*4C±*j&lHU *I6M*SJSSS 20 

[0010]IP%, *«?BCC<fcn«, t7S7^|f(e 
PbMg Wj Nb I/J O i -PbZ r 0,-PbT i O 

1 z^iiM^"c*-7t, rte-fls^ ( i ) icm 

N iO*£»J0EttiJiO. OS- 
10. 0««%**T4»S«LfiJE«J^6>tt*ffflli*<S:, 

3 o 0jjmog£r @ggnr &&c tzmmtrzK 
mm**mmztiz> 9 30 

[0 0 1 1 ] 
[ft4] 

Pb. (Mg vn Nb J/J ) a T i >Z r c O, - < 1 ) 
[0012] rsC(l)* t o. 951x^1. 0 

5, 0. 8^y^l. OrabO, #>o a . b, 
(a, b. c) = (0. 5 50, 0. 42 5, 0. 0 2 

5), (0. 550, 0. 325. 0. 12 5), 
(0. 3 7 5, 0. 3 2 5. 0. 30 0). (0. 1 0 

0, 0. 425, 0. 475), (0. 100. 0. 4 

75,0.425). (0.375.0.425.0. 40 

2 0 0) T'ffl$ft£B5H©'hSfcr*5 (flu a + b + 

c = 1 . 0 0r&£ o ) . j 

[0013] *JMHCtot»Ttt. ffltSffllKWON i 

[00 14] iSKWOPb(D2-i()ni 
o\%U, Sr. Ca. Ba^6ft48¥^6igWn^^ 

0. 2-1. 0mo\%[*. Lat t mr iJri*. 50 
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[0015] Sfc. 9 ^XSf*OI3S«. 3 y m 

lift (Dfgg /EEa<» <PJgg ) tt. 0. l-30r*4C 

[0 0 16] ttc. *^{cj:nc*, PbMg WJ N 
b l/J 0 J -Pb Z rO.-PbTi OjHfiS^aSftfflSE 
«Jt\ T§B-fl$^ ( 1 ) ^^M^i^iU. N 

io?:MM*o. o5-io. omsHsmr&m 
»4 f iff «**^ <owa»ffi*«»« s n i 0 

[0017] 
[ft5] 

Pb, (Mgr v/3 Nb,, 3 ) n T i b Z r c 0 3 - < 1 ) 
[0018] rst < 1 ) o. 95£xSl. 0 

5. 0. 8^y^l. 0*C$)0. #>Oa, b. c#. 
(a, b, c) = (0. 5 50, 0. 4 2 5, 0. 0 2 

5) , (0. 5 50, 0. 3 2 5, 0. 1 2 5), 
(0. 3 7 5, 0. 3 2 5, 0. 3 0 0), (0. 1 0 

0, 0. 4 2 5, 0. 47 5), (0. 1 0 0, 0. 4 

75,0.425). (0.37 5.0.42 5,0. 

2 0 0) rBSftSJBH©/h»r*5 (flU a + b + 

c = 1 . 0 0r&£ o ) . J 

[00 19] ttc. ^fSB/JtCititf. PbMg 1/3 N 
bi/jOj-PbZrOj-PbT i Oj =A»B«KllJA 
«ftr. TSBHRSG ( 1 ) «CnVr«EflBBftaEJdt»iO. » 
tt*N i 0£*r*± l//c«Sfflfi8«j*>6«cS1Sttffla>ff 

[0 02 0] 
[ft6] 

Pb. (Mff./jNb^j) Ji.Zr.O, • < 1 ) 
[0021] rx (Dtp, o. 95SxSl. 0 

5. 0. 8^y^l. 0-C^O. ^oa. b, ci)\ 
(a, b, c) = (0. 5 5 0. 0. 4 2 5, 0. 0 2 

5), (0. 550, 0. 325. 0. 125), 
(0. 37 5, 0. 325. 0. 300), (0. 10 

0.0.4 2 5,0.47 5). (0.1 0 0.0.4 

7 5. 0. 4 25), (0. 375, 0. 4 25. 0. 

2 0 0) r[ffl±ni$SEfflC7^/|4irAi (fHU a + b + 

c = I . 0 0r&£ o ) „ j 

[0 0 2 2] $tc. J:*FF.i8l**-T-«. mi 
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[0 02 3] 

[*W©*ffi<0J&ffi] GIT. *«H©3*Sa«)»MK:. 
[0 02 4] 1 . EtKfl*?- 

<t, C0E«#l<c«^Ctffitt3ft&«S3 (3 a. 
3b) i«r«it. E«*1W. -Is? 5 ? *XS(*2tC. 10 
itmx^mfi! 3 L T . 1-3 0 0 MmCD/g^r B^ 

[0 02 5] **l8tCffll^nSH2^2 * ^Xl(*2 

£A, Mffcvy* A^-r k SffcTJi/S-tf 
<£fcl«*S«**>©*WF*lA*. *rt, mtswsag 

~£ A£^tf Ll> 0 20 

[0 02 6] -127$ **X@f*2<DJ?3«:. 3<im- 
lmmffitK, 5-5 0 0 /im#<fc 9Sf* L < . 7 
-2 0 0 **m*««F(C#S(A>. 3 /im*Sr^^<b 4 E 
«tt*^<D«W W»K#S3 < ft & C £ «3 % lmmt 
e^SiESf*^CcmEE*En»PL/ciS^CcE«f* 1 CD 
40BJCK*CC»f S * **»*2<DH114#*tK tt 

[0 02 7] ffiU 02(C7nTcfc^(C, -fe^S^^^ 
S»2«, E«ttlX««1i3 (3 b) iCDUS® 2 a 30 
KK#J£T4«S*±B©»3 <t btcmm$$2 c <t, n 
»ffi2a^CCB5»|£-rS8a««:«Wa52 c J: 0 J5< L 

s ftiifbufcH2^5 y^xai*2±«ca 

[0028] J b?*v>? *mfo 2 CDSIffiCDff$Km#tc 
MIKtt&<. W*«, fi#JB. IE;£7I?. ZfcJfc. fSR 
0. Rf*iE#*, Rf*»#JB. *7-feJi/H t X 40 

[0 0 2 9 ] *«?8tcfflt^tlSEtfif*l it, PbM 
Si/jNb./jOj-PbZ rOj-PbT i 0 3 Z«c^[SI 

i^fafflr-Aor. tsehrsj ( 1 ) cc^-rffljaw* 

b<DV$>& e 
[0 03 0] 
[ft 7 ] 

Pb, (Mff./jNb,,,) oTuZi^Oj - ( I ) 
[0 0 3 I ] ( l ) 0. 9 5 < x < l . (J 50 



m*3 5 12 3 7 9 

S 

5, 0. 8£y£l. 0V$>'<). fro a. b, c#. 

(a. b, c) = (0. 5 50, 0. 42 5, 0. 0 2 
5), (0. 550. 0. 325, 0. 12 5), 

(0. 3 7 5, 0. 3 2 5, 0. 3 0 0), (0. 1 0 
0. 0. 4 2 5. 0. 47 5), (0. 1 0 0. 0. 4 
75,0.425), (0.37 5,0.425,0. 

20 o) Tffl*fta«ffl©'h»rc*a aiu a + b + 

c = 1 . 0 0T&&. ) 0 J 

[0 0 3 2 ] C *UC £ 0 . SSttJMS ttOEWtttt 

BftittttftJ:8*4C4#t»4. 
[0 0 3 3 ] ±Ba—«SC < 1 ) a, b , ct.l 

[0 0 3 4 ] N i 0<D*»3|5tt. BBttHJSttPti. 0 . 

0 5-10. OffiH%-C^>0, 0. 5 0-8. 011% 
#»*L<. 1. 0-6. 0ffifi%^J:0»*l/l^ N 

1 o©§w®j, o. o sm&%im-c$>*>tmmtw 

i O^f* 10. 0ffi^*iB*S<tHz5 5 
aW/hS< ft*. 

[0 03 5 ] tt»«X&t&<fi<DN i Ott. C®GB»IIfi&ft 
k:J:0«J«Sti4E«»l «ci»--tt:^|fcur^*ct# 
47£l><> E«f*l 7 ^ y £XS{*2 icDSI#ffi2 

Lri>&C<h#<fc«3S?£Ll\, C*UC<fc*K E«f*l* 
-fe^S y »XStt2CCj^X»gg3^l/r , 1-3 

o o um<Dmzv mmbtcmi$v$>~>x:i>, ^vmrnit 
[0036] «s««e»a*<DBEai#tt«:^*<r& 

/c^Kte, Bagffl«E!Bj*(Z)Pb*. Sr. Ca. Ba, 

La <fco«c4»*»6»*n4ii>ft< ± *> 1 a-caa-r * 
ca, Ba*>6«c4B¥*6a«n4^«c< it iara 

»T5*&tt. B«WOPb^)2-10mol 0 /o 
^iiSrSCiWJ U< . 4-8mo 1 %£^$rT& 
C<t#J:«3 4?* Ll>„ 2mo I %*fi8r*££/fflffl^{A 
^£<&&C£#£>9. lOmol %^jax.-5<i:^^ 

<b#*4. aBfflflEflJ*©Pb«:LariE*r4*8* 
«. fiSSfflRR4a*CDP b(D0. 2-1. Omo 
fftrSC<b^STSL< . 0. 4-0. 9mol°/o^aift 
T6Ci^j:yftt^ UC^o 0. 2 mo 1 %*S8*C*4<!: 
BlftSffl* < 'hS<36c5Ci«i*0. 1. 0mol%£,B 

[0037] mM&mmvmz+mx. 1 - 2 0 a 

m^ftt$L<. 3-10/im^J:^tJlc^ Imoi* 
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Ift£ffift"h3< ftSCijWJ, 2 0iimSr.fflx.SiE 

a>, M^(i#>h3 < ftsci#&s 0 
[oo38] mmmm^it. -tD^^^h 

tH«r, 2 0§«°/o«TWt^C<bMt^L<, 10881 
««"Fff-r4Ci*«J:9»*U(r*. 2 0SSXiO>< 
W*T S i Et8(t*^ ora*IE(4*«^3 < ft * C i tfft 

So 

[0 0 3 9 ] E*S(* 1 1 0 ga^tlTT? 

<h3 < ftSii 4>{C, ffl8tm&&'bS < MCiM 
S„ 

[0 04 0] E»f*l<D/93tt, l-3 0 0MmW 
£L<* 3-1 00 wm#<fc9S?£U<. 5-30/im 

n4«F3e<DBBBtt«t«l^6tt4E«* 1 r*oT 
fb^+^ift 0 . ES»SR^©BBftat4*«/hS < ft S 
Ci***9. 3 0 0 vmZMjl&tmttmiC-^y * y ? 

xs*2^oic;*3S«ia*ia*fc«>, swtt«*i»±-r 

S/ctf>0C<fc 5 ?**£tt2*s<&Bitt9. & 

[0 04 1] $/c, E^lCDJ?£lC*hrS-fe^ $ v Z 

gft KDJgS ) tt> 0. l^OWJtK, 0. 3- 
1 0^cfc0Sf*O<, 0. 5-5**«F«:S?£Ol>. 0. 

i*ii§-c£>si, E«#*^o«*swssa[*«a<tt*c 

[0 04 2] #«WcflH»6*ii«ffi3 tt, E^ft 1 
«c«»W«c^Shi 4>©r*« c i<Dte«fl»«:lWH« 
ft<, W*tf. H4K:7n-rj:5K:, -fe^^ ^^xSf*2 
IcH^UTftSEIlf* 1 _bCC. — Jtf©«J0Sffi3 c. 3 

■127;-; ^^SI*2(cHS0rftS— *fO©JfJ»ffi3 
c, 3 d±CtEMfl> 1 *Iilt«c-5i©rfcJ;C». 
[0 04 3] S6(C^-rcfc^CC. -fe^S^X 

Sf*2«cBS0rtc5ftffl«ffi3 e±*cE«f* 1 *H£ 
OTftSii&OC, ^ifi*ffi3 e«:Habrt»4Effl(* 
1 COM i S*f<DffiCC — *f(Dfi!ff5fflfiB3 c, 3d*JBJ3cO 
rft44><Dr-bJ:< . iMlc t H7CC7n-rj:9Cc. 

^^S(*2«cffl«fLrtt4— *tfl!>SiJKffiS3 c, 3d 
±CCES<*1 ^IIlflLTftSii&iC, (®ffj^t53c, 
3 d 0 r l > S EHf* 1 CDS i 5#©BH icftiiffi tS 
3 e£ff;ftJtLTftS4><Drfecfc<,*. 
[0 04 4] tBtS3©MHi UTS*. ><5S>-> 
A. Dy^A, JB, ao'Cti6<D^J:5;ftS^6ii 

t*tis^ft<i*>ia*wsci^r'^So *r4>. 
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ae^*3E«E»iT4^*«»* W>. 
[0 04 5 ] 3S@3<3r>jg<*&. i5Mm«TWil 
<, 5um«T*J:9BJU». 1 5 Mra*iHil*i, 
affi3^S«»il/rfflHl/, BttXtt#'hS<tt4C 
i#*s B ffl, fM3tt#«c£cr^S3*i. 

=■ v *XSf*2i-f*fb3*lSo 
[0 04 6] ^^©ESI^+ii, ±££0/cE?Sf* 1 
±iiljOAiH27 5 * *X£f*2K:, HJ8Xtt««53* 

^ir , i -3 o o /Ltm(Pjggr @^gnrft£&<pr 
io cntCcto, saspjifo^aEcccfcS'fe^ ^ » ^x 

ttf*2iEmf*irBl<DfJg«bG5itt(DfST, RWg«ffJtft 

^©aacc j: seisi* in?;-; **s#2 

sfeftCCcfcS, E«1*tt©lST*@iBrSCi*<rd4. 
[0 04 7 ] cc-c rggj 

W<DS«»J*fflC»*Citt<. -b7 5^^Sl*2iE 
tl*lXBttS3i©I«HI6K:J:l3. t7S^Xl 
f*2tcEmf*l SrK%X^ma3^Ur , 1-300 
/x m com g r »g-ttJ bT a c i feBTOW S , ftu 
w©e«**^». ^ecas^a*— »-©«ia*ffitt: 
20 <fcoiear*ci3W-c#4. 

[0 04 8] 2 . 

a*ijiw««±cc»flju/cE*tm*. mmvm&ifr 
&s 0 «t, AfiwccittH^-rs. 

[0 04 9] **9§(D»-©»iS*ffirW, «f 
5EOBaSfflRBW^6ft4E«t*f**, «S»^«* 

So 

[0 0 5 0 ] m— (om^mvm^htxh^ s * * 

So 

[0051] m-<Dmm>&^m^%tihmmm 

tt. PbMewjNb./jOj-Pb Z rO,-PbT i O 
,=«»BS^ffljasft-c*^r fc Ti2-fl55C ( l > tc^ 
■rffl«?f»*3EflE»iU. N i 0*4#«<D«£rS«T4 
BBOJAtt^ 6 ft S & ©r * S o 

40 [0 0 5 2 ] 

[fb8] 

Pb B (Mff./jNbwj) a T i b Z r c 0 3 - ( 1 ) 
[00 5 3] rsS < 1 ) *. 0. 95SxSl. 0 

5, 0. 8<y^l. 0r*'J, ^oa. b, c rt\ 
(a, b, c) = (0. 5 50. 0. 42 5, 0. 0 2 

5) , (0. 5 5 0, 0. 3 2 5, 0. 1 2 5), 
< 0 . 3 7 5, 0 . 3 2 5. O . 30 0). ( 0 . 1 0 

0. 0. 425, 0. 47 5), (0. 100. 0. 4 

7 5,0.42 5), (0.37 5.0.425,0. 

so 200) rra$*isara<D'J4ar*s mi/. a + b + 



(6) 

11 

c = i. o or*5 0 ) o j 

[0054] c ncc j: o . issffl^«9 a ftoEaastt 

4 E«(*<D«ffi (fc £ t * -5 pfffla^ h ft h tx i> 
E«t$tt**# < "T * C 4 4. 
[005 5] ±0a-fi25£ < 1 ) 4>, a . b , c _b 
&Ofc»©Di5ffl4T*0tt, C©«B^-C**4. E 

[0 05 6 ] *fc % N i OOd*PPtt. SSSfflJiK4» 
0. 05-10. 0£9KrA9. 0. 50-8. 

oms%?W£o<, i. o-6. osa%^<fco*f* io 

Ot». N i O<D#W^#0. 0 5ffiS%*SS-C*£4JS 
WtWftiftSfci!), E««^©JBffllMtt3W/hS 
<tt«J. NiOtW**10. OffiS%£jSx.6 4-te^ 
* ? ^^S(*4<0SCS*«8^:-r4/c«>, *>«:*)E»f*5R 
«>JB*KfibW/hS < ft*. 

[0 05 7 ] JdSOfcHttK ( 1 ) «C7R-Tffl««J(DJK 
»ibttt ( Pb. Ba, Ca, Sr, La, Ms, N 
b, Zr. T i ©&7c3Ra» 6 Cftfc&TBR© 
ffifbW (fll&tf* PbO, Pb a O«, La,0 3 , Mg 
O, Nb,0„ TiO,, ZrO,). cnt>&7vm<Di% 20 
Mtt BaCO Jk SrCO„ MgC0 3> C 

a CO,) . XWCti€>»7c3R«a»4Wr*fb^«J 

(0t*tf, MgNb.O) »**Cf4C4*«r*4. C 

[0 0 5 8 ] ffi«»l40»»#ffi«COt>r«K:lWHtt 
«ct»*J. W*K. «T©#^«fc9tT9C4#r*S. 
£*T, Hft$b/cM*4&, Pb, Ba. Ca, Sr. L 
a, Mg, Nb, Zr, RCXT i (DStcSRO^W*^, 
tftUtc-MR ( l ) Cc»-5C»r»fa©«l*«:35ciJ:5 30 

tc«*u nhtxtcf&tfmt, n i o4£±a*u/d3fr^ 

<Dm&vm&b. »6ftfc«^JKI4*. 7 5 0- 1 3 0 

o o cr«ur^<De^^4-r^, 0 ftfftcc. f#*> 

[0 0 5 9] r^, E«tttt0NHti. ccofto^ffitc 

[0 0 6 0] E8ttf4«:K»r&]&S«4»<cMntt«c 
?f, pvd, -f *>r^u-f- < >y, cvd, y?*, 

[oo6i] »-<o«a*ttr«. -b^. 

^XlS»±«ciBffi*JI5iaEO. *<&affi±5CEa»tf4*& 

-f*>fc-A. X'iy it H^n, PVD. -f 50 



$$5*3 5 1 2 3 7 9 

12 

^>7'U--r^>^, CVD, X^'J->EP 
[0 0 6 2] «B*i|»-r*t«44bT:H:. /< 

*>6a»ti&4>& <4 4> i awscims. * 
rt. EfBNc«^ar&ma>ttMitta»sKc^r. a 
&. xtta&*£*#4-r4^ft*«»*iA>. 

[0 06 3 ] »JSR-r4affi©W3«, 15/zmWT^ 
ft?SO<, 5 /imfclT^OiffSEUC^ 15Aim^jSx. 

s<ft*ct^*5. ft, ffiffi« £ 2*«:j£ oralis 

[0 06 4] *»iB©w-©«a*ffirtt, 

iaufc-b^s ?r^^»*±«c!i*LteE«t#l**. m 
OHSPB4B— XI* N i 0£«*<D««a>e> 

»t**t4»MfiS«1i©N i 0©»**l*±LT t 

Emttt^iBwnmfKN i owhc, x« 

[0 0 6 5 ] *»B9tC«. 3tt*fflflE»ON i O 

ismmz. E«tm%«teRrs«««flE«i4Fi-4r4 

C4K<£<3, N i 0*E«**JCiS— «C4WRS-ttSC4 

**c*. E«w»*«^*as«WE»<fe0jBfiaK4r 

£C4&t<£0, N i O^El($*^Ct7 S * £X«f$4 

(omnm & 6 v s cc 4 & & aR«je« *> fc * 

N i O*«**B»r4C4CCj:0»tt*JiS<D^:*3* 

■oar*c4*>-cs*. i^, n i oeiw©a»ecotir 
»ec«iiBtttti»jW. ftfe©^»o»#Ei»±4c^«sr. flb 
(Df&ft<D^; mm ic-o^xh Eat* w* »ss-r & ^ffl^S 

[0066] a?— ©«js#ffi«c*$w sj»«iffl<Dsa 

1 0 0 0-I 4 0 0WiU< t 1100-13 
5 0 •CA*<fc 0»* 1 0 0 0 ^MOflR-Ctt, b 

^5 ar^X*(*4E«l*4OH»*^S*r*-9/c0, 
E«f*©»fflt aqF+# 4&4C4*«*»). 140 0'C 
^r.iax.^4, EtBttf**©PbO»»fi*^<tt4fc 
«0. Bfa©«BS©E«8j**»«C 4*HJi4tt* C 4# 

s>^o (Bk«ffl5i, fisffi**fisufc««cff-3rtj:<. a 

ffi * Bm T Z> m I C c t r o T cfc C * . 
[0 06 7 ] 3 . 

E'JiW4*aWl/. 9IWUfcEt8«f4*. &JE<D?imv 
? ^^Sf^co±{c:rgTKL, ^t|iS4ifcEaWf4 



(7) 



f$a*3 5 1 2 3 7 9 



13 

[ o o 6 8 ] *wn<D / m-<Dm&fi&X'>&. *r. t$ 

14*SWSr 4/c«t>Kfflt>4«Bffls8IJ)i l/t!J. »-© 
KjS*ft-Cffll»fclBBfflBS«Ii HI-© 4>©£fflt C £ 

mt. r*c*n i o&m&tLtcimnvmmmimfr 
htzz>b<Dt?z>& vm-com^m tmm-rzbcov 

[0 06 9] *mi(Dm—<DWi&t3m-ciz. jkvz. m 

Mi. N i O^W^CD/h3«c«>©*i6«H*-fe-5S i/i'X 
cntcirO. Em£t8l£TS®&?0lj»t*5<£©N 

< . *— ©«jfi#j* £ |3I«tc or 

[007 0] *#BW©*^©«ii*ffi-Ctt. ^«C. C 
©•fe^S ? ^SftLhXii^SiK&Tftl-fcEmttW 
£. JKWiffl-r*. m%kM<Df%. .Ml/tN i o**rr 

&£W©N i 0©?Se«JiB?:«fcOffiSf«:$IJ®rS*-C 1 

n i o*&mirzmm%Mmmw®*2mz#i>ctifi 
jifsi/c». frast/fcs&^N i o$w^©^»a 
©Emtm*. -r^r^wu/cs. ££©-cg&aaii£i, 

wicummzn *><ti>. ^.^©sk^k-^-c 

[0 0 7 1 ] 

l>. ft. HASP. RaU$$Mfco<,>T©&«tM«:JWT 
©ioicurtf o/c. 

[007 2] i . dil^fi 



14 



[007 3] 2 . rv+L^i 

3ttifC©E««"*>©afl.©i6«>4ffiSI©81^* 

[007 4] (KSKWl) Y.OjTSjEftSftfcZrO 
10 ,gf* (5Sl^g|5©^J-ffi : 1 . 6X1. l mm. J?£ : 1 
0 win) ±&ce&A>e>&STSl5S® : 1. 2x 

0. 8mm. J13 : 3 Mm) ZAP H ->EfU3i|&K:J; <9 
J&jRO. !»KHlK:j:»)Sft:£-<*ftS-a-te. -e©±itP 
b, .„,, (Mg ui N b,,, ) p.j.T i 0 . Z r o. j» O, 

9 8. 5ffis%£. Nio i. 5nm%t*-gm-rz> 
m&miSiMifrbttiEXttn 1. 3x0. 9m 

m. JS£ : 1 3 urn) ZmiUL. E1St*t4£PI— ©,«/& 
©#H^*l|®fflWf4 £ £ 4> it 1 2 7 5 *C. 2 BSItflJSy&Ji 

o/c 8&a&afg©E«tm©J?3«. ioht^ 

20 tc. ^C^-C. *©±«C3fe«»6«c4±»«« (Tj-ffi: 1. 
2X0. 8ram, JIS:0. 5 urn) ZZ-ZV-^WM 

micxvBfiiutc®. jsmaaorEWfWR^tMjfiu 

fc. S&ftfcE«tt*^JBffl«<a*#«>fc £ C 3. 
2 . 2 0 a m £ ttJBaXflbPBA <=>ftfc. ffl 

^/cE^m©£EJ«&6*f£m££ £©TSt 1 JCtST. 
[007 5] (HUteM 2 . REflttRW 1.2) 1 
iCtet,»-C, ESMf4*^ 1 ©^©^ffll'fcC £©«!!«. 
USSWl AR^tcO-CEafWR^KiSOA:. f£6ftfc 
Emf*©/S ffi^(4^5l?*?)/c ic^, E«*m©fflfiR 
30 ( a , b . c ) W© mm -C* S %ttfff 2 ©E^f* 

^T-T«. 2. 2 2 um£*#&JSftgfj^f2©6ft 
A:. CtllcttLX, ESW40«(a. b. c ) 
IBM©l5H^r*4Jt|8W 1 . 2 ©ESf*^+-r-«. -e 
n-etil. 5 6 urn. 1. 3 8«mi/b3?£iiffirT 
&-?/c 0 g^Sitotg 1 icfn-f. 
[0076] 
* [^1] 





PbMg./sNbj/jOj-PbZ rOj-PbT 


N I O * * ♦ 
(IIX) 


B S JE & 

( u m ) 


P b «f»7C* 


X 


y 


a 


b 


c 


ft * m 


(no 1%) 


Sftft 1 


m u 




1. 00 


1.00 


0. 200 


0. 430 


0. 370 


1 . 5 


2. 20 


31 JR « 2 


Ci 


S. 0 


1.00 


1 . 00 


0. 375 


0. 37S 


0. 2S0 


S. 0 


2. 22 


tt « « 1 






1 . 00 


1 . 00 


0. 60Q 


0. 300 


0. 100 


8.0 


1. 56 


it« W 2 


Sr 


10. 0 


1. oo 


1. 00 


0. I 50 


0. 350 


0. 500 


0. S 


1. 33 



[007 7] ( 1 ~ 3 ) mtWl 1 {CfcUT . Eit! 
WiU. Pb,... (MgwjNb,/,) ....T i 
Zr.,,,0, 9 8. 53fwi%£. NiO 1. 5dL*il 
% £ *#«-T 4^SB*iSPl»*ffll» f»6 *i/cE«S!flfiX 
ft. -etl-?-<i9 7Sffl%. 9 3-gffi%. 8S®m.%t,C*t 
Lt. t4f?8~ 1 2 u mo)??? 97. (j?ft«anS{Cj:«j . 



50 



tc^wwtc^TL^itu^) z^!h.^ti3mm.%. 7«a 

%. 1 5SM%iK^U/c4)©^El®Hf4£l/r«J^/cC 
£felfl-5i*SS[?l| I £(5]tr«{CLTEtm*iS7-?r»2U/c. 
ET3ttf4f ©7 * XSTT^*^* < . 5UU£# 1 9 
%(D%nffl 3 ©Evii(*r;i. »Fi!(l{|.^;{iA>' 1 . 7 7 « in t? 



(8) *$d*3 5 1 2 3 7 9 

15 16 





777^^1 ( £ S $6 ) 


&?L$ (%) 


JB ffi&fl: (um) 1 


&*t9\ 1 


3 


5 


2.20 


2 


7 


1 0 


2 . 0 8 




1 5 


1 9 


1.77 



[0 07 

4C*st,»r. ^3K^N i O^W^©ffl/S<DE^IW4£ 

mute. wzHtcKnim^oim&agz&z&ibtctc 

6. N i 0#*P&# 1 . 5ffiS%©SlSi5l?i]3©Emj£ 
M?L^*5 5%i/jN$< . fSfft^&#2. 20(1 

m£*t&<i#fg#e>n;fc. ctiicttL-c, EM^m'p 

ON i O#W£#0. 0 3 JSfi%£/h3fclti$tfiJ3©E* 



1. 7 7 «m<fc/MfrfiiS-C5>r>fc. EE^ttfW© 
N i OSW?*i 15.0 mm%t*;% fttbf5i?iJ4 ©EEm 

i . 4 i Miiii/b^^cfiir^ofc. mmzz £»r 

^3tC^-3\ 
C0080] 
[113] 





n i o^^m 


$L1im 
(%) 


( # m) 




1 . 5 


5 


2 . 2 0 


vttitm 3 


0 . 0 3 


1 3 


1.77 




15.0 


4 


1.41 



[0 08 i ] (H«gi?d4) mmm 1 cefc^-c. E^tm 

iL/t, Pb,, 0( , (Mg,.„„Nb,„) ,.,,T i,.„ 
Zr.,,,0, 9 8. 0fifi%£. NiO 2. Ofifi 

OS <bC*>. 2. 1 1 wmiJttaiN*!* 

^ffltt^fi^iS&en/c £tc, E'SSft'fON i oo» 
ffttt<2§£ E PM A^ffKJ: <9SgI2L-/c£ C 3 

[0082] (mmmb) m^mnci6^^x, Pb,.„ 

(Mg^j./jMb,,,) o.nTi,.„Z r,.„0,98. 

0ffig%£. NiO 2. oss%i*#w-r^iaii$fl* 



★ ^£flH>. SHmWSlfflW^iU-CPb!.,, (Mg 
o. 5 7/iN b i;j ) 0 .i»T i o.4j Z r,.,,O,90. Ofifi 
%£. NiO 10. 0ffiS%<b?r#Wr-SS8l§fflfiX^ 
C £fcW«*!i&f?!l 1 i(5t$iC UrESf*^*: 

6. 2. 2 9 umtmmm4<DE.mitm : f-j:K)^um 

tfll^fi#tS«>6*ifc. E'Sf** ©N i OO^ffttt: 

30 88* E P MAMK <fc 0 S83S Ofc £ C 3EtSf*£ -fe 5 5 

<t»r^4 6C7iR-r < , 

[0083] 
[«4l 





N i 0«g*JE 


B ft 2£<£ ( n m) 


4 




2 . 11 






2 . 2 9 



[0 08 4] mtme. Ramm 5.6) mmn 1 10 
tcKKfrm+vrnmLtiLZ-xtbic ic^. Eqstm*o 

Nb«C*f-T4MifCD#?i^*5^qq©ffiRBl^ (y = 0. 
9 7 ) r** z%mm 6 CDE'.0(*^+r-!* 2 . 0 3 u m £ 



*©N b «c*]-r-5M gO^W^'hS ft ( y = 0 . 8 
5) tkeM5©Eaf*5R-'F-C«. 1. 2 1 win. E^ft 
WON b (c»t 5Mg©tf (y= 1. 1 
5)tt«W6-C«. 1. 5 5jtm£(.»rtl6'M&Ja!dl 
g.0Ltts:r>tc. MlJR«:*4J&-C«5<C>S-r. 

[0085] 

[*5] 



(9) 



t$!*3 5 1 2 3 7 9 



17 



13 





PbM8i^>Nb iy . a 0 9 -PbZi 


w 3 


P b T 


kj i r\ «t JS" M 

(X* X ) 


m DO A ul 

( m ) 




P b «»ic * 


X 


y 


a 


b 


c 








7C * U 


11 £ 
(■oil) 
















*ff m 6 


B a 

L a 


4. 0 

0. s 


I. 00 


0. 97 


0. 370 


0. 330 


0. 250 


2. 0 


2. 03 


ttnm 5 


B a 

L a 


4.0 
0. 8 


1.00 


0.85 


0. 370 


0.380 


0. 250 


2.0 


1. 21 


tt« W 6 


B a 
L a 


4. 0 
0. 8 


1.00 


1. 15 


0.370 


0. 380 


0. 250 


2.0 


1. SS 



(0 08 6] (m&wii&ummi ) mum i tern* * n/c. cticcw or. EEvsivff4*©p bo^w^^s 

T. »6«C^««OE«tm*fflt>fcC4tWl*iaS 10 &(x=0. 9 3) H:«W7 0IIi8fls*T-r«. 1. 7 



f*S^<DJS iC5. ffi«W***© Pb© 
3&$*s*%9]<DISffll*] ( x = 0 . 9 8) r*i3ttSW 
7 <DE«(*5RT"C« 2 . 2 3 ±;*:£&JIft^{i#l2&6 * 



[0087] 
C^6] 





PbMgj/jNbj/jOj-PbZ r O , - P b T 


N i O ft** 
(ft* *) 


J§ & SC {fc 

( a m ) 


P b Ktftx* 


X 


y 


a 


b 


c 


si mm 7 


ft L, 


0. 9B 


0. 97 


0. 375 


0. 375 


0. 250 


1 . 5 


2.23 


fcfc tfc« 7 


» I, 


0. 93 


0. 85 


0. 375 


0. 375 


0. Z50 


1 . 5 


1. 75 



[0088] (iasfi?ii8-i i ) mmmi^c^x. m 

BMfom+tC^-C i> 1 . 8 9-2. 16 4 tttttt** 
^®ffl^(4^iS^e>n/c 0 flU. Pb<D5. Omol°/o 

9©E«(*5ft : ?\ RtfPbOlO. Omol%£Bar 
TOLfc«^6&4E«Wf4*ffl(r»/cj6MlWl OCDE 
»f*5R-?-r«, /3lfi^{4#^ft^ft2. 16 Mtn, 2. 
10 ami. Pb*±<a!ftLttl>«lflc^6tt*ffSW5K 



^f4^fflC^c*^M8<DfffSf*^<D/Sft^{42. 0 2jlc 

PbCD7. 5mol%£Sr, 7. 5mol%£C 
a (±f*T15rao 1%) rK»0fcffll£fr6fc*E« 

1. 8 9 Mini, Pb4^<IB8SUttCifflflE^63Q:*EE 

T3t7CC^jVr„ 
[0089] 
[*7] 





PbMB l/ ,^b i/1 0,-PbZ r O a - P b T 


N i OS#* 

cx m % > 


a ftfttt 

C u m ) 


P b a»7n* 


X 


y 


a 


b 


c 


7C *« 


(nolX) 


*M « 8 


M U 




1. 00 


0. 97 


0. 375 


0. 375 


0. 250 


1.0 


2. 02 




S c 


5.0 


I . 00 


0.97 


0. 37S 


0. 375 


0.250 


1.0 


2.16 


311 W 1 0 


B a 


10.0 


1, 00 


a. 97 


0. 375 


0. 375 


0. 250 


1.0 


2. 10 


1 


B a 

C a 


7. 5 
7. 5 


1. 00 


0.97 


0.375 


0. 375 


0. 250 


1 . 0 


1. 89 



(0 09 0) (mmi 2-1 4) saswi*c*jt»r. 

It 8 cc^Tffl^E^W4^fflc^cC ifet^HJUJaW l 

TvmihgttiL&fctbtctcz. mm i 2- 1 4 m*? 
ti<DK.mi*m+t.c~oi,>x:b 1 . 78-2. 2 0/imtJt 

mo I %*LarHfftL/cffl^<btt&0EffifmS:fflt* 

ftiXttffl 1 3(ommm*v{z. 2. 20 u 



2. 0 2 Mm^tk^#ftJ3lffiaffi^E»6nA: a — 
40 Pb©l. 5mo l%*LarH»UfcfifiS^6 
^>ESW4*fflt^c^JSCTl 4<OE»(*3tT-r5i. Sift 
1 . 7 8 u m <b . Xt&ffl 1 2 £>E?Bf*^<D 2 . 

[0 0 9 1] 
[«8] 



(10) 



m^3 5 1 2 3 7 9 



15 



20 





PbMB lX ,Nb lx ,0,-PbZ r O , - P b T 1 


N 1 O SI* 


( u m ) 


P b SMtcI 


X 


y 


a 


b 


c 


7c * n 


w ^ 

doll) 


n m w i 2 


u 




1 . 00 


0.9 7 


0. 37S 


0. 375 


0. 250 


1.0 


2.02 


i 3 


L a 


0. 8 


I. 00 


0. 97 


0. 375 


0.375 


0. 260 


1.0 


2.20 


1 4 


L a 


1.5 


I. 00 


0. 97 


0. 37S 


0.37S 


0. 250 


i.O 


1.78 



[0 09 2] (mmm is. i6 wumm 8 > mm 

HCte^T. Pb,.,. (Mg./jNb,/,) ,.„T i,. 4) 
Zr,.„0,98. 5gfi%4. NiO 1. 5fflfi% 

^m^M&mtmim^tcct^mtmmm 1 4ei«k: 

L,-CESf*3H L £S{jgl,/c. f#6n/c)Emf*^T-©raitt 

mm 1 5 ©)Bgf*^-m 2 . 2 0 w m 4 um&&. 

iMfiWb 6 ft. El(*5«-T SUfgfflfiXIJJJ: 9 N i o * 



^ilbfcHfiapi] 1 6 ©EEfSf*^r«. 2 . 42wmi 

Mcc^fcM^atfisfeeftfc. cnttstbr. e^ 

6 <c £ ^HMSUDffl ***4 ^"CSSij&L fctfc« W 8 © 
EffittSTTtt. 2 . 0 3 y m i jDSfiPH 1 5 SO' 1 6 © 

EmttsR^ctt^/hi* &a ftattt o fc. * 4 

[0093] 
C*9] 





PbMet/-sNb t/ .,Oi-PbZ r O , - P b T IO 


Nion* 
( a* % ) 


JB & 5C Cfc 
(urn) 


P b IMxi 


X 


y 


a 


b 


c 


01 1 5 


» b 


i . 00 


l . 00 


0. 200 


0. 430 


0. 370 


1.6 


2.20 


3SJS01 1 5 


m is 


I. 00 


1. 00 


0. 200 


0. 430 


0. 370 


8.0 


2.42 


tttt W 8 


m u 


1. oo 


I. 00 


0. 200 


0. 430 


0. 370 


0. 03 


2.03 



[0 09 4] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] a ceramic base and PbMgl/3Nb 2/30 ~ with a 3-PbZr03-PbTi03 3 component dissolution system constituent The 
piezo electric crystal which consists of a porcelain constituent which uses as a principal component the constituent shown in 
the following general formula (1), and contains NiO 0.05 to 10.0% of the weight among [ all ] a constituent, The piezo 
electric crystal component to which it has the electrode electrically connected to this piezo electric crystal, and said piezo 
electric crystal is characterized by coming to fix to said ceramic base through direct or said electrode. 
[Formula 1] 

Pbx(Mgy/3Nb 2/3) aTibZrc03 - (1) 

"It is 0.95<=x<=1.05 and 0.8<=y<=1.0 among a formula (1). And a, b, c= (a, b, c) (0.550, 0.425, 0.025), (0.550, 0.325, 
0.125), (0.375, 0.325, 0.300), It is the decimal of the range surrounded by (0.100, 0.425, 0.475), (0.100, 0.475, 0.425), and 
(0.375, 0.425, 0.200) (however, it is a+b+c=l .00.). . " 

[Claim 2] The piezo electric crystal component according to claim 1 which said NiO in said porcelain constituent has a 
concentration gradient used as high concentration in the thickness direction, and is distributing in it from the root face with 
said ceramic base of said piezo electric crystal. 

[Claim 3] The piezo electric crystal component according to claim 1 or 2 which it comes to permute by at least one sort 
chosen from the group which 2-10-mol% of Pb in said porcelain constituent becomes from Sr, calcium, and Ba. 
[Claim 4] A piezo electric crystal component given in any 1 term of claims 1-3 with which it comes to permute 0.2-1.0-mol% 
of Pb in said porcelain constituent by La. 

[Claim 5] A piezo electric crystal component given in any 1 term of claims 1-4 whose thickness of said piezo electric crystal 
is 1-300 micrometers. 

[Claim 6] A piezo electric crystal component given in any 1 term of claims 1-5 whose thickness of said ceramic base is 3 
micrometers - 1mm. 

[Claim 7] A piezo electric crystal component given in any 1 term of claims 1-6 whose ratios (thickness of the thickness/piezo 
electric crystal of a ceramic base) of the thickness of said ceramic base to the thickness of said piezo electric crystal are 0.1- 
30. 

[Claim 8] PbMgl/3Nb 2/30 - with a 3-PbZr03-PbTi03 3 component dissolution system constituent The piezoelectric 
material which consists of a porcelain constituent which uses as a principal component the constituent shown in the 
following general formula (1), and contains NiO 0.05 to 10.0% of the weight among [ all ] a constituent a ceramic base top - 
or the manufacture approach of the piezo electric crystal component characterized by applying on the electrode formed in this 
ceramic base, making the charge of ambient atmosphere control material which consists said applied piezoelectric material of 
a presentation of nickel content the same as that of said porcelain constituent, or bigger live together, and heat-treating. 
[Formula 2] 

Pbx(Mgy/3Nb 2/3) aTibZrc03 - (1) 

"It is 0.95<=x<=1.05 and 0.8<=y<=1.0 among a formula (1). And a, b, c= (a, b, c) (0.550, 0.425, 0.025), (0.550, 0.325, 
0.125), (0.375, 0.325, 0.300), It is the decimal of the range surrounded by (0.100, 0.425, 0.475), (0.100, 0.475, 0.425), and 
(0.375, 0.425, 0.200) (however, it is a+b+c=l .00.). • 

[Claim 9] PbMgl/3Nb 2/30 - with a 3-PbZr03-PbTi03 3 component dissolution system constituent Two or more sorts of 
piezoelectric material which consists of porcelain constituents which used as the principal component the constituent shown 
in the following general formula (1), and made it different NiO content is prepared, this two or more sorts of piezoelectric 
material - from [ what has small nickel content ] - one by one — a ceramic base top — or the manufacture approach of the 
piezo electric crystal component characterized by applying on the electrode formed in said ceramic base, and heat-treating 
said applied piezoelectric material. 
[Formula 3] 

Pbx(Mgy/3Nb 2/3) aTibZrc03 - (1) 

"It is 0.95<=x<=1.05 and 0.8<=y<=1.0 among a formula (1). And a, b, c= (a, b, c) (0.550, 0.425, 0.025), (0.550, 0.325, 
0.125), (0,375, 0.325, 0.300), It is the decimal of the range surrounded by (0.100, 0.425, 0.475), (0.100, 0.475, 0.425), and 
(0.375, 0.425, 0.200) (however, it is a+b+c=l .00.). 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a piezo electric crystal component. Furthermore, while having a piezo- 
electric, detailed very high property, it excels in the oscillating convective one between a ceramic base and a piezo electric 
crystal, and is related with the piezo electric crystal component which can attain a miniaturization and densiflcation of an 
actuator and a sensor, and its manufacture approach. 
[0002] 

[Description of the Prior Art] In recent years, the piezo electric crystal component is used for the ink jet printer head, the 
loudspeaker, the microphone, etc. Although what was equipped with the piezo electric crystal which consists of a porcelain 
constituent on a ceramic base, and the electrode electrically connected to this piezo electric crystal as a piezo electric crystal 
component is known conventionally, what was improved variously is indicated about the porcelain constituent which 
constitutes a piezo electric crystal. 

[0003] for example, a PbTi03-PbZr03 2 component dissolution system constituent and Pb(Mgl/3Nb 2/3) O - the 
constituent which permuted some of Pb(s) in 3-PbTi03-PbZr03 3 component dissolution system constituents or these 
constituents and Mg from nickel, Nb, Mn, etc. is indicated (JP,50-3519,B, JP,60-102779,B, Journal of The American 
Ceramic Society;49 [11] 577 (1966)). The piezo electric crystal component which has the outstanding piezo-electric property 
is expected by these raising the piezo-electric property of the porcelain constituent itself which constitutes the piezo electric 
crystal which is the most important element that determines the piezo-electric property (for example, piezo-electric d 
constant) of a piezo electric crystal component, and using the piezo electric crystal which consists of these porcelain 
constituent. 

[0004] However, since the compactness of the piezo electric crystal of the piezo electric crystal component obtained is low 
when the piezoelectric material which actually consists of a porcelain constituent mentioned above is applied on a ceramic 
base, it heat-treats after that and a piezo electric crystal component is manufactured, Crookedness displacement was low, or 
when an electrical potential difference was impressed, the problem that compactness will cause dielectric breakdown in a low 
part was pointed out (the present condition was having manufactured the piezo electric crystal component described below 
under such [ at least conventionally ] recognition.). . 

[0005] For this reason, what stuck the piezo electric crystal which heat-treated beforehand the piezoelectric material which 
consists of a porcelain constituent mentioned above as a conventional piezo electric crystal component on the ceramic base 
was used (JP,1 1-293 57, A). This piezo electric crystal component raises a piezo-electric property by heat-treating beforehand 
the piezoelectric material which consists of a porcelain constituent paying attention to the point of inhibition of the 
eburnation of the piezo electric crystal by constraint of a ceramic base, and attaining eburnation of a piezo electric crystal. 
[0006] However, with this piezo electric crystal component, since it was necessary to use the adhesives of an inorganic 
system and an organic system in case a piezo electric crystal is stuck on a ceramic base, there was a problem of these 
adhesives checking the oscillating transfer between a ceramic base and a piezo electric crystal, or an adhesives component 
permeating a piezo electric crystal and a ceramic base, and degrading these properties. 

[0007] Moreover, the conventional porcelain constituent mentioned above was not necessarily what has sufficient piezo- 
electric property. 
[0008] 

[Problem(s) to be Solved by the Invention] This invention is excellent in the oscillating convective one between a ceramic 
base and a piezo electric crystal, and aims at offering the piezo electric crystal component which can attain a miniaturization 
and densiflcation of an actuator, a sensor, etc., and its manufacture approach while it is made in view of an above-mentioned 
problem and has a piezo-electric, very high property. 
[0009] 

[Means for Solving the Problem] The constituent which has a specific presentation with a 3-PbZr03-PbTi03 3 component 
dissolution system constituent is used as a principal component, the result wholeheartedly studied so that this invention 
person may solve an above-mentioned technical problem - PbMgl/3Nb 2/3 O - In the case where the piezoelectric material 
which consists of a porcelain constituent which contains NiO at a specific rate is used, after applying on a ceramic base, even 
if it heat-treated, a header and this invention were completed for the ability to consider as the piezo electric crystal which 
eburnation advances and has a piezo-electric, very high property. 

[0010] It is a 3-PbZr03-PbTi03 3 component dissolution system constituent, namely, - according to this invention - a 
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ceramic base and PbMgl/3Nb 2/30 — The piezo electric crystal which consists of a porcelain constituent which uses as a 
principal component the constituent shown in the following general formula (1), and contains NiO 0.05 to 10.0% of the 
weight among [ all ] a constituent, It has the electrode electrically connected to this piezo electric crystal, and the piezo 
electric crystal component to which a piezo electric crystal is characterized by coming to fix to a ceramic base through direct 
or an electrode is offered. 
[0011] 
[Formula 4] 

Pbx(Mgy/3Nb 2/3) aTibZrc03 - (1) 

[0012] "It is 0.95<=x<=1.05 and 0.8<=y<=1.0 among a formula (1). And a, b, c= (a, b, c) (0.550, 0.425, 0.025), (0.550, 
0.325, 0.125), (0.375, 0.325, 0.300), It is the decimal of the range surrounded by (0.100, 0.425, 0.475), (0.100, 0.475, 0.425), 
and (0.375, 0.425, 0.200) (however, it is a+b+c=1.00.). 

[0013] In this invention, it is desirable that NiO in a porcelain constituent has the concentration gradient which serves as high 
concentration from a root face with the ceramic base of a piezo electric crystal in the thickness direction, and is distributing. 
[0014] Moreover, you may permute 2-10-mol% of Pb in a porcelain constituent by at least one sort chosen from the group 
which consists of Sr, calcium, and Ba, and may permute by La 0.2-1.0-mol% of Pb in a porcelain constituent. 
[0015] Moreover, as for the thickness of a ceramic base, it is desirable that it is 3 micrometers - 1mm, and, as for the 
thickness of a piezo electric crystal, it is desirable that it is 1-300 micrometers. Furthermore, as for the ratio (a ceramic base / 
piezo electric crystal) of the thickness of a ceramic base to the thickness of a piezo electric crystal, it is desirable that it is 0.1- 
30. 

[0016] moreover ~ according to this invention - PbMgl/3Nb 2/30 - with a 3-PbZrO3-PbTi03 3 component dissolution 
system constituent The piezoelectric material which consists of a porcelain constituent which uses as a principal component 
the constituent shown in the following general formula (1), and contains NiO 0.05 to 10.0% of the weight among [ all ] a 
constituent Or it applies on the electrode formed in the ceramic base, a ceramic base top - The manufacture approach of the 
piezo electric crystal component characterized by making the charge of ambient atmosphere control material which consists 
of a presentation of NiO content the same as that of a porcelain constituent or bigger the piezoelectric material applied on the 
ceramic base or the electrode live together, and heat-treating is offered. 
[0017] 
[Formula 5] 

Pbx(Mgy/3Nb 2/3) aTibZrc03 - (1) 

[0018] "It is 0.95<=x<=1.05 and 0.8<=y<=1.0 among a formula (1). And a, b, c= (a, b, c) (0.550, 0.425, 0.025), (0.550, 
0.325, 0.125), (0.375, 0.325, 0.300), It is the decimal of the range surrounded by (0.100, 0.425, 0.475), (0.100, 0.475, 0.425), 
and (0.375, 0.425, 0.200) (however, it is a+b+c=L00.). . " 

[0019] moreover - according to this invention - PbMgl/3Nb 2/30 - with a 3-PbZr03-PbTi03 3 component dissolution 
system constituent Two or more sorts of piezoelectric material which consists of porcelain constituents which used as the 
principal component the constituent shown in the following general formula (1), and made it different NiO content is 
prepared. The manufacture approach of the piezo electric crystal component characterized by heat-treating the piezoelectric 
material which applied two or more sorts of these piezoelectric material on the electrode formed in the ceramic base top or 
the ceramic base one by one from what has small nickel content, and applied them on this ceramic base or an electrode is 
offered. 
[0020] 
[Formula 6] 

Pbx(Mgy/3Nb 2/3) aTibZrc03 - (1) 

[0021] "It is 0.95<=x<=1.05 and 0.8<=y<=1.0 among a formula (1). And a, b, c= (a, b, c) (0.550, 0.425, 0.025), (0.550, 
0.325, 0.125), (0.375, 0.325, 0.300), It is the decimal of the range surrounded by (0.100, 0.425, 0.475), (0.100, 0.475, 0.425), 
and (0.375, 0.425, 0.200) (however, it is a+b+c=1.00.). 

[0022] Moreover, the piezo electric crystal component by this invention can be used for a capacitor or various sensors as a 

precise and small dielectric element and a pyroelectric material component. 

[0023] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained concretely, referring to a 
drawing. 

[0024] 1. As shown in piezo electric crystal component drawing 1 , the piezo electric crystal component of this invention is 
equipped with the ceramic base 2, the piezo electric crystal 1 which uses a specific porcelain constituent as a principal 
component, and the electrode 3 (3a, 3b) electrically connected to this piezo electric crystal 1, and a piezo electric crystal 1 
comes to fix it to the ceramic base 2 through direct or an electrode 3. Hereafter, it explains concretely. 
[0025] What contains at least one sort chosen from the stable zirconium dioxide, an aluminum oxide, a magnesium oxide, a 
mullite, alumimium nitride, silicon nitride, and the group that consists of glass from thermal resistance, chemical stability, 
and an insulating point as the quality of the material of the ceramic base 2 used for this invention is desirable. Especially, a 
mechanical strength is large and the thing containing the zirconium dioxide stabilized from the point of excelling in 
toughness is desirable. 

[0026] The thickness of the ceramic base 2 has 3 micrometers - 1 desirablemm, its 5-500 micrometers are more desirable, 
and especially its 7-200 micrometers are desirable, the rigidity of the ceramic base [ as opposed to / when the mechanical 
strength of a piezo electric crystal component might become weak when it was less than 3 micrometers, it exceeded 1mm and 
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an electrical potential difference is impressed to a piezo electric crystal component / the contraction stress of a piezo electric 
crystal 1 ] 2 — large — becoming — crookedness of a piezo electric crystal component — a variation rate may become small 
[0027] However, as shown in drawing 2 , the ceramic base 2 can also prepare thin- walled part 2c which made the field which 
carries out abbreviation correspondence the above-mentioned thickness at root face 2a with a piezo electric crystal 1 or an 
electrode 3 (3b), and heavy-gage part 2b which made thicker than thin-walled part 2c the field which carries out abbreviation 
correspondence in addition to root face 2a. thereby — crookedness of a piezo electric crystal component — a variation rate can 
be enlarged and a mechanical strength can be enlarged. Moreover, as shown in drawin g 3 , it can also consider as the 
configuration which establishes two or more such structural units on the communal ized ceramic base 2. 
[0028] The configuration of the front face of the ceramic base 2 can mention the compound form which especially a limit 
does not have, for example, combined a rectangle, a square, a triangle, an ellipse form, a perfect circle form, a square with R, 
a rectangle with R, a capsule mold, or these. 

[0029] the piezo electric crystal 1 used for this invention ~ PbMgl/3Nb 2/30 -- it is a 3-PbZr03-PbTi03 3 component 
dissolution system constituent, and the constituent shown in the following general formula (1) is used as a principal 
component, and it consists of a porcelain constituent of specification [ NiO ] which comes out comparatively and contains. 
[0030] 
[Formula 7] 

Pbx(Mgy/3Nb 2/3) aTibZrc03 - (1) 

[0031] "It is 0.95<=x<=1.05 and 0.8<=y<=1.0 among a formula (1). And a, b, c= (a, b, c) (0.550, 0.425, 0.025), (0.550, 
0.325, 0.125), (0.375, 0.325, 0.300), It is the decimal of the range surrounded by (0.100, 0.425, 0.475), (0.100, 0.475, 0.425), 
and (0.375, 0.425, 0.200) (however, it is a+b+c=1.00.). . " 

[0032] crookedness of both sides of improvement in the piezo-electric property of the porcelain constituent itself, and the 
eburnation of a piezo electric crystal 1 by this to a piezo electric crystal component — a variation rate can be raised. 
[0033] making a, b, and c into the specific range mentioned above among the above-mentioned general formula (1) — this — 
being out of range — crookedness of a piezo electric crystal component — it is because a variation rate becomes small. 
[0034] It is 0.05 - 10.0 % of the weight among a porcelain constituent, the content of NiO has 0.50 - 8.0 desirable % of the 
weight, and its 1.0 - 6.0 % of the weight is more desirable, eburnation is inadequate in the content of NiO being less than 
0.05 % of the weight - becoming — crookedness of a piezo electric crystal component — if a variation rate becomes small 
and NiO content exceeds 10.0 % of the weight — a reaction with the ceramic base 2 — increasing — too — crookedness of a 
piezo electric crystal component — a variation rate becomes small. 

[0035] As for NiO in a porcelain constituent, it is desirable to distribute to homogeneity at the piezo electric crystal 1 
constituted with this porcelain constituent, and it is more desirable to have the concentration gradient which serves as high 
concentration from root face 2a with the ceramic base 2 of a piezo electric crystal 1 in the thickness direction, and to 
distribute. Thereby, even if it is the case where a piezo electric crystal 1 is fixed through direct or an electrode 3 to the 
ceramic base 2, it can consider as the piezo electric crystal 1 which carried out eburnation more. 

[0036] In order to enlarge the piezo-electric property of the porcelain constituent itself, it is desirable to permute Pb in a 
porcelain constituent by at least one sort chosen from the group which consists of Sr, calcium, Ba, and La. Under the present 
circumstances, when permuting Pb in a porcelain constituent by at least one sort chosen from the group which consists of Sr, 
calcium, and Ba, it is desirable to permute 2-10-mol% of Pb in a porcelain constituent, and it is more desirable to permute 4- 
8-mol%. When it is less than [ 2mol% ], crookedness displacement may become small, when ten-mol% is exceeded, the 
Curie point may become low and the temperature change like crookedness strange may become large. When permuting Pb in 
a porcelain constituent by La, it is desirable to permute 0.2-1.0-mol% of Pb in a porcelain constituent, and it is more 
desirable to permute 0.4-0.9-mol%. When it is less than [ 0.2mol% ], crookedness displacement may become small, when 
1.0-mol% is exceeded, the Curie point may become low and the temperature change like crookedness strange may become 
large. 

[0037] The mean particle diameter of a porcelain constituent has desirable 1-20 micrometers, and its 3-10 micrometers are 
more desirable, if it is less than 1 micrometer, since the domain in a piezo electric crystal 1 will not progress enough — 
crookedness — although the domain in a piezo electric crystal 1 is large when a variation rate may become small and it 
exceeds 20 micrometers, since it is hard coming to move a domain — crookedness — a variation rate may become small 
[0038] As for a porcelain constituent, it is desirable to have phases other than a perovskite phase below 20 volume %, and 
having below 10 volume % is more desirable, if had more mostly than 20 volume % - crookedness of a piezo electric crystal 
component — a variation rate may become small 

[0039] As for the porosity of a piezo electric crystal 1, it is desirable that it is below 10 volume %, and it is more desirable 
that it is below 5 volume %. if 10 volume % is exceeded - crookedness of a piezo electric crystal component — a mechanical 
strength may become small while a variation rate becomes small 

[0040] The thickness of a piezo electric crystal 1 has desirable 1-300 micrometers, its 3-100 micrometers are more desirable, 
and especially its 5-30 micrometers are desirable. Eburnation becomes inadequate even if it is the piezo electric crystal 1 
which consists of a specific porcelain constituent used by this invention as it is less than 1 micrometer, crookedness of a 
piezo electric crystal component, since the stress to the ceramic base 2 will become excessive relatively if a variation rate 
may become small and it exceeds 300 micrometers Since base destruction is prevented, the thick ceramic base 2 may be 
needed, and the miniaturization of a piezo electric crystal component demanded practically may become difficult after all. 
[0041] Moreover, as for the ratio (a ceramic base / piezo electric crystal) of the thickness of the ceramic base 2 to the 
thickness of a piezo electric crystal 1, 0.1-30 are desirable, 0.3-10 are more desirable, and 0.5-especially 5 are desirable, if 
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the mechanical strength of a piezo electric crystal component may become weak when it is less than 0.1, and 30 is exceeded - 
- crookedness of a piezo electric crystal component — a variation rate may become small 

[0042] As everything but being what is electrically connected to a piezo electric crystal 1 does not have especially a limit, for 
example, the electrode 3 used for this invention is shown in drawing 4 As the thing in which the Kushigata electrodes 3c and 
3d of a pair were formed on the piezo electric crystal 1 which comes to fix to the ceramic base 2 may be used and it is 
conversely shown in dr awing 5 , it may come to fix a piezo electric crystal 1 on Kushigata electrode 3c of the pair which 
fixes and becomes the ceramic base 2, and 3d. 

[0043] Moreover, as shown in d rawing 6 , while coming to fix a piezo electric crystal 1 on common electrode 3e which fixes 
and becomes the ceramic base 2 As it may come to form the Kushigata electrodes 3c and 3d of a pair in a field opposite to 
the field of the piezo electric crystal 1 which has fixed common electrode 3e and is conversely shown in dra wing 7 While 
coming to fix a piezo electric crystal 1 on Kushigata electrode 3c of the pair which comes to fix to the ceramic base 2, and 
3d, it may come to form common electrode 3e in a field opposite to the field of the piezo electric crystal 1 which the 
Kushigata electrodes 3c and 3d have fixed. 

[0044] At least one sort chosen from the group which consists of platinum, palladium, a rhodium, silver, and these alloys as 
the quality of the material of an electrode 3 can be mentioned. The alloy which uses platinum or platinum as a principal 
component at the point that the thermal resistance at the time of heat-treating a piezo electric crystal 1 is high about 
especially is desirable. 

[0045] The thickness of an electrode 3 has desirable 15 micrometers or less, and its 5 micrometers or less are more desirable, 
if it exceeds 15 micrometers — an electrode 3 ~ as a relaxation layer — acting — crookedness — a variation rate may become 
small In addition, an electrode 3 is heat-treated if needed and united with the ceramic base 2. 

[0046] The piezo electric crystal 1 mentioned above comes to fix the piezo electric crystal component of this invention to the 
ceramic base 2 mentioned above through direct or an electrode 3. Thereby, the fall of the piezo-electric property by property 
degradation of the piezo electric crystal 1 by osmosis and the ceramic base 2 of the oscillating convective fall between the 
ceramic base 2 by mediation of adhesives etc. and a piezo electric crystal 1, an adhesives component, etc. is avoidable. 
[0047] "Fixing" means carrying out the close unification of the piezo electric crystal 1 through direct or an electrode 3 in the 
ceramic base 2 here according to solid phase reaction with the ceramic base 2, a piezo electric crystal 1, or an electrode 3, 
without using all the adhesives of an organic system and an inorganic system. In addition, the piezo electric crystal 
component of this invention can be manufactured by the second manufacture approach for a start which is described below. 
[0048] 2. The first manufacture approach of the first manufacture approach this invention makes the charge of ambient 
atmosphere control material which consists of a specific presentation the piezoelectric material which applied the 
piezoelectric material which uses a specific porcelain constituent as a principal component on the electrode formed in the 
ceramic base top or the ceramic base, and applied it on this ceramic base or an electrode live together, and heat-treat it. 
Hereafter, it explains concretely. 

[0049] By the first manufacture approach of this invention, the piezoelectric material which consists of a specific porcelain 
constituent is first applied on the electrode formed in the ceramic base top or the ceramic base. 

[0050] The ceramic base used by the first manufacture approach is the same as that of what was stated with the piezo electric 
crystal component of this invention. 

[0051] the piezoelectric material used by the first manufacture approach — PbMgl/3Nb 2/30 - it is a 3-PbZr03-PbTi03 3 

component dissolution system constituent, and the constituent shown in the following general formula (1) is used as a 

principal component, and it consists of a porcelain constituent of specification [ NiO ] which comes out comparatively and 

contains. 

[0052] 

[Formula 8] 

Pbx(Mgy/3Nb 2/3) aTibZrc03 - (1) 

[0053] "It is 0.95<=x<=1.05 and 0.8<=y<=1.0 among a formula (1). And a, b, c= (a, b, c) (0.550, 0.425, 0.025), (0.550, 
0.325, 0.125), (0.375, 0.325, 0.300), It is the decimal of the range surrounded by (0.100, 0.425, 0.475), (0.100, 0.475, 0.425), 
and (0.375, 0.425, 0.200) (however, it is a+b+c=1.00.). 

[0054] Thereby, the piezo-electric property of the porcelain constituent itself and the piezo-electric property of the piezo 

electric crystal component obtained from both sides of the eburnation of a piezo electric crystal can be enlarged. 

[0055] making a, b, and c into the specific range mentioned above among the above-mentioned general formula (1) — this — 

being out of range — crookedness of a piezo electric crystal component — it is because a variation rate becomes small. 

[0056] Moreover, it is 0.05 - 10.0 % of the weight among a porcelain constituent, the content of NiO has 0.50 - 8.0 desirable 

% of the weight, and its 1.0 - 6.0 % of the weight is more desirable, since the content of NiO becomes inadequate 

[ eburnation ] for it to be less than 0.05 % of the weight ~ crookedness of a piezo electric crystal component - since a 

reaction with a ceramic base will increase if a variation rate becomes small and NiO content exceeds 10.0 % of the weight - 

too - crookedness of a piezo electric crystal component — a variation rate becomes small. 

[0057] As a raw material of the constituent shown in the general formula (1) mentioned above The simple substance which 
consists of each element of Pb, Ba, calcium, Sr, La, Mg, Nb, Zr, and Ti, the oxide (it MgO(s) PbO, Pb 304, and La203 -) of 
each [ these ] element [ for example, ] Nb 205, Ti02 and Zr02, the carbonate (for example, BaC03, SrC03, MgC03, 
CaC03) of each [ these ] element, or the compound (for example, MgNb20) containing two or more each [ these ] elements 
can be mentioned. The raw material of these piezoelectric material is one-sort independent, or can be used combining two or 
more sorts. 
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[0058] Although there is especially no limit about the preparation approach of piezoelectric material, it can carry out by the 
following approaches, for example. First, the raw material mentioned above is mixed so that the content of each element of 
Pb, Ba, calcium, Sr, La, Mg, Nb, Zr, and Ti may become a desired rate based on the general formula (1) mentioned above, it 
mixes at a predetermined rate which mentioned the obtained constituent and NiO above, and carry out temporary quenching 
of the obtained mixed raw material at 750-1300 degrees C, and let it be a desired porcelain constituent. At the end, the 
obtained porcelain constituent is ground and let it be the piezoelectric material of predetermined particle diameter. 
[0059] In addition, preparation of piezoelectric material may be based on other approaches, and can be prepared with the 
alkoxide method, a coprecipitation method, etc. 

[0060] Although especially a limit does not have the approach of applying piezoelectric material, an ion beam, sputtering, 
vacuum deposition, PVD, ion plating, CVD, plating, screen-stencil, a spray, dipping, etc. can be mentioned, for example. The 
sputtering method and screen printing are desirable at the point which can be easily applied continuously by the configuration 
where precision is high, and thickness, especially. 

[0061] By the first manufacture approach, although direct piezoelectric material may be applied on a ceramic base, first, an 
electrode may be formed on a ceramic base and piezoelectric material may be applied on the electrode. As an approach of 
forming an electrode, an ion beam, sputtering, vacuum deposition, PVD, ion plating, CVD, plating, screen-stencil, a spray, 
dipping, etc. can be mentioned, for example. Especially, the sputtering method and screen printing are desirable in respect of 
junction nature with a ceramic base and a piezo electric crystal. 

[0062] At least one sort chosen from the group which consists of platinum, palladium, a rhodium, silver, and these alloys as 
an ingredient which forms an electrode can be mentioned. The alloy which uses platinum or platinum as a principal 
component at the point that the thermal resistance at the time of heat-treating a piezo electric crystal is high about especially 
is desirable. 

[0063] The thickness of the electrode to form has desirable 15 micrometers or less, and its 5 micrometers or less are more 
desirable, if it exceeds 15 micrometers, in order that an electrode may act as a relaxation layer — crookedness ~ a variation 
rate may become small In addition, an electrode is heat-treated if needed and united with a ceramic base. 
[0064] By the first manufacture approach of this invention, the charge of ambient atmosphere control material which consists 
of a presentation of NiO content the same as that of a porcelain constituent or bigger the piezoelectric material subsequently 
applied on the ceramic base mentioned above is made to live together, and it heat-treats. Volatilization of NiO in the 
porcelain constituent which constitutes piezoelectric material can be prevented, it can consider as the piezo electric crystal 
which NiO has a concentration gradient used as high concentration, and distributes in the thickness direction from the contact 
surface of a piezo electric crystal and a ceramic base uniformly in the porcelain constituent which constitutes a piezo electric 
crystal, and a piezo electric crystal like a parenthesis can be made to fix with a ceramic base. 

[0065] The concentration gradient which serves as high concentration in the thickness direction from the contact surface with 
a ceramic base into a piezo electric crystal in NiO can be given, and it can be made to distribute by being able to make 
homogeneity distribute NiO in a piezo electric crystal, and considering as high concentration from the porcelain constituent 
which constitutes piezoelectric material by specifically making NiO content of the constituent made to live together the same 
as that of the porcelain constituent which constitutes piezoelectric material. Moreover, the magnitude of a concentration 
gradient can also be adjusted by adjusting the NiO content of the constituent made to live together. In addition, although 
there is especially no limit about components other than NiO, it is desirable to make it the same as that of the porcelain 
constituent which constitutes piezoelectric material also about the content of other components in respect of volatilization 
prevention of other components. 

[0066] The temperature of heat treatment in the first manufacture approach has desirable 1000-1400 degrees C, and is more 
desirable. [ of 1 100-1350 degrees C ] At the temperature of less than 1000 degrees C, if it is imperfect, or fixing with a 
ceramic base and a piezo electric crystal may become inadequate [ the compactness of a piezo electric crystal ] and exceeds 
1400 degrees C, since the amount of volatilization of Pb in piezoelectric material will increase, it may become difficult to 
obtain the piezo electric crystal of a desired presentation. After heat treatment forms an electrode, it may be performed, and 
before forming an electrode, it may be performed. 

[0067] 3. The second manufacture approach of the second manufacture approach this invention prepares the piezoelectric 
material which consists of a specific porcelain constituent, applies the prepared piezoelectric material on a ceramic base etc. 
by the specific approach, and heat-treats the applied piezoelectric material. Hereafter, it explains concretely. 
[0068] By the second manufacture approach of this invention, two or more sorts of piezoelectric material which consists of 
porcelain constituents which used the specific constituent as the principal component and made it different NiO content first 
is prepared. It can carry out like the preparation approach of the piezoelectric material which could use the thing same as a 
porcelain constituent used in order to prepare piezoelectric material as the porcelain constituent used by the first manufacture 
approach, and was stated by the first manufacture approach. In addition, the second manufacture approach is different from 
the first manufacture approach at the point which shall consist of two or more sorts of porcelain constituents made into 
different NiO content. 

[0069] By the second manufacture approach of this invention next, two or more sorts of piezoelectric material which consists 
of porcelain constituents of different NiO content is applied on the electrode formed in the ceramic base top or the ceramic 
base one by one from what has small NiO content. Thereby, NiO in the porcelain constituent which constitutes a piezo 
electric crystal can obtain certainly the piezo electric crystal which has a concentration gradient used as high concentration in 
the thickness direction, and is distributed in it from the contact surface of a piezo electric crystal and a ceramic base. About 
the approach of spreading of piezoelectric material, there is especially no limit and it can be performed like the first 
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manufacture approach. 

[0070] By the second manufacture approach of this invention next, the piezoelectric material applied on this ceramic base or 
an electrode is heat-treated. Although it is not necessary to make the charge of ambient atmosphere control material which 
not necessarily contains NiO live together in the case of heat treatment, it is the point which controls the concentration 
gradient of NiO in a porcelain constituent to a precision more, and it is desirable to make the charge of ambient atmosphere 
control material containing NiO live together. Moreover, all of two or more sorts of piezoelectric material of different NiO 
content mentioned above may be collectively heat-treated, after applying, and when various piezoelectric material is applied, 
respectively, you may heat-treat according to an individual. About the temperature of heat treatment, it is the same as that of 
the first manufacture approach. 
[0071] 

[Example] Hereafter, although an example explains this invention concretely, this invention is not limited to these examples. 
In addition, the various measurement about an example and the example of a comparison was the followings, was made and 
went. 

[0072] 1 . crookedness — a variation rate — the crookedness produced when an electrical potential difference was impressed 
so that electric field may become vertical inter-electrode in mm and 3kV /— the variation rate was measured with the laser 
displacement measurement machine. 

[0073] 2. The microscopy of the front face of the piezo electric crystal of the piezo electric crystal component obtained in 
porosity each example and each example of a comparison and the range of about 50 micrometers of every direction was 
carried out with the scanning electron microscope, it asked for the rate of the area which the pore in the piezo electric crystal 
in three visual fields occupies, respectively, and the average was made into porosity. 

[0074] (Example 1) The lower electrode (dimension: 1.2x0.8mm, thickness: 3 micrometer) which consists of platinum was 
formed with screen printing on the Zr02 base (the dimension of a thin- walled part: 1.6x1. 1mm, thickness: lOmicrometer) 
stabilized by Y203, and it was made to unite with a base by heat treatment. It is Pbl.00 (Mgl/3Nb 2/3) 0.20Ti0.43Zr 0.37O3 
on it. 98.5 % of the weight and NiO The piezoelectric material (dimension: 1 .3x0.9mm, thickness: 13micrometer) which 
consists of a porcelain constituent containing 1.5 % of the weight was applied, and 1275 degrees C was heat-treated for 2 
hours with the charge of ambient atmosphere control material of the same presentation as piezoelectric material. The 
thickness of the piezoelectric material after heat treatment was 10 micrometers. Subsequently, after forming on it the up 
electrode (dimension: 1.2x0.8mm, thickness: 0.5 micrometer) which consists of gold with screen printing, it heat-treated and 
the piezo electric crystal component was manufactured, crookedness of the obtained piezo electric crystal component — the 
place which asked for the variation rate — 2.20 micrometers and very big crookedness — the variation rate was accepted. The 
presentation of the used piezoelectric material and a result are collectively shown in Table 1 . 

[0075] (An example 2 and examples 1 and 2 of a comparison) In the example 1, everything but having used the thing of 
Table 1 for piezoelectric material manufactured the piezo electric crystal component like the example 1. crookedness of the 
obtained piezo electric crystal - the as big crookedness with the piezo electric crystal component of the example 2 whose 
presentation (a, b, c) of piezoelectric material is the range of this invention when it asks for a variation rate as 2.22 
micrometers - the variation rate was accepted, on the other hand - the piezo electric crystal component of the examples 1 
and 2 of a comparison with the presentation (a, b, c) of piezoelectric material out of range [ this invention ] — respectively as 
small crookedness as 1.56 micrometers and 1.38 micrometers - it was a variation rate. A result is collectively shown in 
Table 1. 
[0076] 
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[0077] (Examples 1-3 of reference) It sets in the example 1 and is Pbl.00 (Mgl/3Nb 2/3) 0.20Ti0.43Zr 0.37O3 as a 
piezoelectric material. 98.5 % of the weight, the porcelain constituent which prepared the porcelain constituent containing 
NiO 1.5 % of the weight, and was obtained - respectively - 97 capacity %, 93 capacity %, and 85 capacity % - receiving — 
a latex (by heat treatment, in order to carry out oxidation evaporation) with a particle size of 8-12 micrometers the part which 
existed before heat treatment - compulsory - pore - being generated - the piezo electric crystal component was 
manufactured like the example 1 except having used 3 capacity %, 7 capacity %, and the thing of which 15 capacity % 
mixing was done as a piezoelectric material, respectively, the piezo electric crystal of the example 3 of reference whose 
porosity the latex content in piezoelectric material is large, and is 19% -- crookedness - the piezo electric crystal of the 
example 2 of reference whose variation rate is 1.77 micrometers and whose porosity is 10% - crookedness ~ the piezo 
electric crystal of the example 1 of reference whose variation rate is 2.08 micrometers and whose porosity is 5% - 
crookedness — a variation rate is 2.20 micrometers and porosity becomes large — alike — following - crookedness — it was 
checked that a variation rate falls. A result is collectively shown in Table 2. 
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[0078] 
[Table 2] 
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[0079] (An example 3 and examples 3 and 4 of a comparison) In the example 1, the piezo electric crystal component was 
manufactured like the example 1 except having used the piezoelectric material of a presentation of the NiO content shown in 
Table 3. crookedness of the obtained piezo electric crystal component — the piezo electric crystal component of the example 
3 whose NiO content is 1.5 % of the weight when it asks for a variation rate — porosity — 5% — small — crookedness — the 
value with a as big variation rate as 2.20 micrometers was accepted, on the other hand ~ the piezo electric crystal component 
of the example 3 of a comparison with the as small NiO content in piezoelectric material as 0.03 % of the weight ~ porosity - 
- 13% — large — crookedness — variation rates were 1.77 micrometers and a small value, moreover — although porosity was 
as small as 4% with the piezo electric crystal component of the example 4 of a comparison with the as big NiO content in 
piezoelectric material as 15.0 % of the weight — crookedness — variation rates were 1.41 micrometers and a small value. A 
result is collectively shown in Table 3. 



[0080] 
[Table 3] 




(a* so 


(.%) 


H 8l i$L 
(urn) 


3 


1 . 5 


5 


2 . 2 0 


tt&m 3 


0 . 0 3 


1 3 


1 . 7 7 


itmm 4 


15. 0 


4 


1.41 



[0081] (Example 4) It sets in the example 1 and is Pbl.00 (Mg0.97/3Nb 2/3) 0.20Ti0.43Zr 0.37O3 as a piezoelectric 
material. 98.0 % of the weight and NiO Piezo electric crystal component manufacture was carried out like the example 1 
except having used the porcelain constituent containing 2.0 % of the weight, crookedness of the obtained piezo electric 
crystal component — the place which asked for the variation rate — 2.1 1 micrometers and comparatively big crookedness — 
the variation rate was accepted. Moreover, when the distributed condition of NiO in a piezo electric crystal was checked by 
EPMA analysis, having distributed to homogeneity was admitted. A result is collectively shown in Table 4. 
[0082] In an example 1 0.37O398.0 % of the weight of Pbl.00 (Mg0.97/3Nb 2/3) 0.20Ti0.43Zr, (Example 5) NiO The 
porcelain constituent containing 2.0 % of the weight is used. As a charge of ambient atmosphere control material 0.37O390.0 
% of the weight of Pbl.00 (Mg0.97/3Nb 2/3) 0.20Ti0.43Zr, NiO The piezo electric crystal component was manufactured like 
the example 1 except having used the porcelain constituent containing 10.0 % of the weight, crookedness of the obtained 
piezo electric crystal component — the place which asked for the variation rate ~ bigger crookedness than the piezo electric 
crystal component of 2.29 micrometers and an example 4 ~ the variation rate was accepted. Moreover, when the distributed 
condition of NiO in a piezo electric crystal was checked by EPMA analysis, having had a concentration gradient used as high 
concentration in the thickness direction, and having distributed in it from the root face of a piezo electric crystal and a 
ceramic base, was admitted. A result is collectively shown in Table 4. 
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[0084] (An example 6 and examples 5 and 6 of a comparison) In the example 1, the piezo electric crystal component was 
manufactured like the example 1 except having used the piezoelectric material of the presentation shown in Table 5. 
crookedness of the obtained piezo electric crystal component — the as big crookedness with the piezo electric crystal 
component of the example 6 whose content of Mg to Nb in piezoelectric material is within the limits (y= 0.97) of this 
invention when it asks for a variation rate as 2.03 micrometers — the variation rate was accepted, on the other hand, the 
crookedness with 1.55 micrometers and all small in the example 6 of a comparison with the big (y= 1.15) content of Mg [ as 
opposed to Nb in 1.21 micrometers and piezoelectric material at the piezo electric crystal component of the example 5 of a 
comparison with the small (y= 0.85) content of Mg to Nb in piezoelectric material ] - it became a variation rate. A result is 
collectively shown in Table 5. 
[0085] 
[Table 5] 
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[0086] (An example 7 and example 7 of a comparison) In the example 1, the piezo electric crystal component was 
manufactured like the example 1 except having used the piezoelectric material of the presentation shown in Table 6. 
crookedness of the obtained piezo electric crystal component — the as big crookedness with the piezo electric crystal 
component of the example 7 whose content of Pb in piezoelectric material is within the limits (x= 0.98) of this invention 
when it asks for a variation rate as 2.23 — the variation rate was accepted, on the other hand, crookedness as small with the 
piezo electric crystal component of the small (x= 0.93) example 7 of a comparison of the content of Pb in piezoelectric 
material as 1 .75 — it became a variation rate. A result is collectively shown in Table 6. 
[0087] 

Table 6] 





PbMei^jNbj^jOj-P bZ r O , - P b T 


(liX) 


& & X {fc 

(urn) 


P btlftTCt 




y 


a 


b 


c 


7 




0. 98 


0. 97 


0. 375 


0. 375 


0. 250 


1.5 


2. 23 


tfctfcW 7 




0. 93 


0.85 


0- 376 


0. 37S 


0. 250 


1.5 


1. 75 



[0088] (Examples 8-1 1) In the example 1, the piezo electric crystal component was manufactured like the example 1 except 
having used the piezoelectric material of the presentation shown in Table 7. crookedness of the obtained piezo electric crystal 
component — the place which asked for the variation rate — the comparatively as big crookedness also about which piezo 
electric crystal component of examples 8-1 1 as 1.89-2.16 — the variation rate was accepted. However, the piezo electric 
crystal component of an example 9 using the piezoelectric material which consists of a presentation which permuted 5.0- 
mol% of Pb by Sr, and with the piezo electric crystal component of an example 10 using the piezoelectric material which 
consists of a presentation permuted by Ba, 10.0-mol% of Pb crookedness — crookedness of the piezo electric crystal 
component of an example 8 using the piezoelectric material with which a variation rate consists of a presentation which does 
not permute Pb by 2.16 micrometers and 2.10 micrometers at all, respectively — the variation rate of 2.02 micrometers — 
comparing — the crookedness with big all — the variation rate was accepted, the piezo electric crystal component of an 
example 1 1 using the piezoelectric material which consists of a presentation which permuted 7.5-mol% of Pb by Sr, and 
permuted 7.5-mol% from calcium (it is 15-mol% at the whole) on the other hand — crookedness — crookedness of the piezo 
electric crystal component of an example 8 using the piezoelectric material with which a variation rate consists of a 
presentation which does not permute Pb by 1.89 micrometers at all — the variation rate of 2.02 micrometers — comparing — 
small crookedness - it became a variation rate. A result is collectively shown in Table 7. 
[0089] 
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[0090] (Examples 12-14) In the example 1, the piezo electric crystal component was manufactured like the example 1 except 
having used the piezoelectric material of the presentation shown in Table 8. crookedness of the obtained piezo electric crystal 
component ~ the place which asked for the variation rate — the comparatively as big crookedness also about which piezo 
electric crystal component of examples 12-14 as 1.78-2.20 micrometers - the variation rate was accepted, however - the 
piezo electric crystal component of an example 13 using the piezoelectric material which consists of a presentation which 
permuted 0.8-mol% of Pb by La — crookedness — crookedness of the piezo electric crystal component of an example 12 
using the piezoelectric material with which a variation rate consists of a presentation which has not permuted a part of Pb by 
2.20 micrometers by La — the variation rate of 2.02 micrometers — comparing — big crookedness — the variation rate was 
accepted, the piezo electric crystal component of an example 14 using the piezoelectric material which consists of a 
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presentation which permuted 1.5-mol% of Pb by La on the other hand - crookedness — a variation rate - 1.78 micrometers 
and 2.02 micrometers of the piezo electric crystal component of an example 12 - comparing — small crookedness — it 
became a variation rate. A result is collectively shown in Table 8. 
[0091] 
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[0092] (Examples 15 and 16 and example 8 of a comparison) It sets in the example 1 and is [ 0.37O398.5 % of the weight of 
Pbl.00 (Mgl/3Nb 2/3) 0.20Ti0.43Zr, and ] NiO. The piezo electric crystal component was manufactured like the example 1 
except having used further the charge of ambient atmosphere control material of the presentation shown in Table 9 using the 
piezoelectric material containing 1.5 % of the weight. A variation rate is accepted, crookedness of the obtained piezo electric 
crystal component ~ the as big crookedness with the piezo electric crystal component of the example 15 manufactured using 
the charge of ambient atmosphere control material which consists of the presentation same when it asks for a variation rate as 
the porcelain constituent which constitutes a piezo electric crystal as 2.20 micrometers — With the piezo electric crystal 
component of the example 16 manufactured using the charge of ambient atmosphere control material which consists of a big 
presentation of NiO content from the porcelain constituent which constitutes a piezo electric crystal, still bigger crookedness 
displacement was accepted to be 2.42 micrometers, on the other hand — the piezo electric crystal component of the example 8 
of a comparison manufactured using the charge of ambient atmosphere control material which consists of a small 
presentation of NiO content from the porcelain constituent which constitutes a piezo electric crystal — the piezo electric 
crystal component of 2.03 micrometers and examples 15 and 16 — comparing — small crookedness ~ it became a variation 
rate. A result is collectively shown in Table 9. 
[0093] 
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[0094] 

[Effect of the Invention] As explained above, while having a piezo-electric, very high property according to the piezo electric 
crystal component and its manufacture approach of this invention, it excels in the oscillating convective one between a 
ceramic base and a piezo electric crystal, and the piezo electric crystal component which can attain a miniaturization and 
densiflcation of an actuator, a sensor, etc., and its manufacture approach can be offered. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the explanatory view showing typically the gestalt of operation of one of the piezo electric crystal 
component of this invention, and (b) is a top view and (b) is a X-X' sectional view. 

[Drawing 2] It is the explanatory view showing typically the gestalt of other operations of the piezo electric crystal 
component of this invention, and (b) is a top view and (b) is a X-X 1 sectional view. 

[Drawing 3] It is the explanatory view showing typically the gestalt of other operations of the piezo electric crystal 
component of this invention, and (b) is a top view and (b) is a X-X' sectional view. 

[Draw ing 4] It is the explanatory view showing typically the gestalt of other operations of the piezo electric crystal 
component of this invention, and (b) is a top view and (b) is a X-X' sectional view. 

[Drawing 5] It is the explanatory view showing typically the gestalt of other operations of the piezo electric crystal 
component of this invention, and (b) is a top view and (b) is a X-X' sectional view. 

[Drawing 6] It is the sectional view showing typically the gestalt of other operations of the piezo electric crystal component 
of this invention. 

[Drawing 7] It is the sectional view showing typically the gestalt of other operations of the piezo electric crystal component 
of this invention. 
[Description of Notations] 

1 — A piezo electric crystal, 2 — A ceramic base (2a [ — Thin-walled part ] — a root face, 2b ~ a heavy-gage part, 2c), 3 — 
Electrode (3a [ — A tandem-type electrode, 3e / — Common electrode ] — an up electrode, 3b — a lower electrode, 3c, 3d). 
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